Biocompatible cationic pullulan-g-desoxycholic acid-g-PEI micelles used to co-deliver drug and gene for cancer therapy.
The greatest crux in the combination of chemotherapy and gene therapy is the construction of a feasible and biocompatible carrier for loading the therapeutic drug and gene simultaneously. Here, a new amphiphilic bifunctional pullulan derivative (named as PDP) synthesized by grafting lipophilic desoxycholic acid and low-molecular weight (1kDa) branched polyethylenimine onto the backbone of pullulan was evaluated as a nano-carrier for the co-delivery of drug and gene for potential cancer therapy. PDP exhibited good blood compatibility and low cytotoxicity in the hemolysis and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assays, respectively. By self-assembly process, the amphiphilic PDP polymer formed cationic core-shell nanomicelles in aqueous solution with an average diameter of 160.8nm and a zeta potential of approximate 28mV. The PDP micelles had relative higher drug encapsulation efficiency (84.05%) and loading capacity (7.64%) for doxorubicin (DOX), an effective anti-tumor drug, demonstrating sustained drug release profile and good DNA-binding ability. The flow cytometry and confocal laser scanning microscopy showed that PDP/DOX micelles could be successfully internalized by MCF-7 cells, and presenting higher cytotoxicity against MCF-7 cells than that of free DOX. Furthermore, PDP micelles could efficiently transport tumor suppressor gene p53 into MCF-7 cells, and the expressed exogenous p53 protein induced MCF-7 cells to die. More excitedly, in comparison with single DOX or p53 delivery, the co-delivery of DOX and gene p53 using PDP micelles displayed higher cytotoxicity, induced higher apoptosis rate of tumor cells and blocked more effectively the migration of cancer cells in vitro. In tumor-bearing mice, co-delivery of DOX and p53 also exhibited enhanced antitumor efficacy as compared with single delivery of DOX or p53 alone. In summary, these results demonstrated that it is highly promising to use cationic PDP micelles for effectively co-delivering functional gene and chemotherapeutic agent, and thus improving antitumor efficacy and systemic toxicity.